Transmitted Disease Prevention Trial provided a unique opportunity to test whether, with the community-based diffusion of HIV/sexually transmitted disease prevention information and an elevated understanding of HIV, the level of stigmatizing attitudes toward people living with HIV/AIDS in the community would be reduced.
Introduction
HIV-related stigma and discrimination have been identified internationally as major barriers to HIV control and prevention [1] [2] [3] [4] [5] . HIV-related stigma creates social distance that cuts off people living with HIV/AIDS (PLWHA) from social interaction and support and strengthens existing inequalities of class, race, and sexuality [6] . Dr Peter Piot [7] , Executive Director of the Joint United Nations Programme on HIV/AIDS, described the challenge of stigma as 'perhaps the greatest of all those facing the AIDS response' ( [7] , p. 529).
Previous studies [1, 8, 9] have demonstrated that a lack of information about HIV/AIDS and misperceptions about HIV transmission routes are important factors contributing to stigma and discrimination. Although HIV knowledge may not be sufficient to reduce the fears and stigmatizing attitudes [10] , it may be a necessary first step to reduce HIV-related stigma, as misconceptions about acquiring HIV infection through casual contact may lead to an avoidance of social situations [11, 12] . Other studies [13] [14] [15] of HIV-related stigma suggested that stigma was associated with increased risk behavior. It could be beneficial to both HIV prevention and HIV stigma reduction programs to investigate their specific strategies and linkage.
It is estimated that there are about 700 000 PLWHA in China [16] . The HIV/AIDS epidemic has evoked widespread stigma and discrimination toward PLWHA in the country [13, 17] . A study [18] of Chinese urban market workers found that the majority of the sample believed that PLWHA should be forbidden to take care of other people's children and should be isolated and punished. Another study [19] revealed that service providers were reported being stigmatized by others because they took care of patients living with HIV/AIDS. In a study [20] in Anhui, China, PLWHA reported being charged more for services or not having access to services at all as a result of HIV status. Similar to other countries, China faces the challenges of both controlling the epidemic and overcoming stigma and discrimination [21] [22] [23] .
The present study was part of the National Institute of Mental Health (NIMH) Collaborative HIV/Sexually Transmitted Disease (STD) Prevention Trial in international settings, including China, India, Peru, Russia, and Zimbabwe [24] . The trial was designed to identify, recruit, train, and engage community popular opinion leaders (C-POL) in a defined population to convey HIV riskreduction messages. The primary objective was to reduce HIV/STD incidence and risky sexual behaviors [25] . The principles of the intervention were grounded in the 'diffusion of innovation theory' [26] . Although the intervention was designed to target risk behavior for HIV/STD prevention [27] rather than stigma reduction, we hypothesized that, with the community-based diffusion of information related to HIV/STD prevention and an elevated understanding of the epidemic, the level of stigmatizing attitudes toward PLWHA would be reduced.
Methods

Study background and sample
The study was conducted from 2005 to 2007 among food market vendors in Fuzhou, a large city in eastern China. The target population was selected because it had a sufficient base rate of STDs. In addition, the markets were geographically discrete communities in which vendors socialize extensively. The population was stable with the vendors knew one another and presented regularly in the market to be exposed to the ongoing intervention [28] . The market selection procedure was based on the size and geographic location of the markets. Participants were recruited from 40 out of approximately 150 food markets throughout the city. The selected markets were randomized to an intervention arm and a control arm after completing the baseline assessment.
Market workers, 18-49 years old, who worked in a selected market were eligible for the assessment. Study participation was completely voluntary, with a less than 8% refusal rate. After the administration of informed consent, participants completed three surveys using a computer-assisted personal interview (CAPI) at baseline, 12-month, and 24-month follow-ups. All participants were compensated 20 Yuan ($3) for each assessment. The study was approved by the Institutional Review Boards at the University of California, Los Angeles, and the Chinese Center for Disease Control and Prevention.
We conducted the baseline survey among 4510 participants. Three thousand, seven hundred and eighty-five and 3716 of them participated in the survey at the 12-month and 24-month follow-up, respectively (with retention rates of 83.9 and 82.4%, respectively). The retention rate was high because market vendors were a relatively stable population.
Intervention
For markets in the intervention arm, three approaches were systematically used to identify the C-POLs. First, project staff observed individuals who most often and most positively interacted with others in the market. Second, gatekeepers of the markets identified individuals known to be influential to others. Finally, 30 people were randomly selected at each market to nominate C-POLs who were considered to be popular and influential.
Once identified, the C-POLs attended four weekly group training sessions and 10-12 reunion sessions over a 2-year period. In the sessions, participants were first inspired to take on roles as AIDS prevention advocates in the market and then learn skills about how to disseminate HIV riskreduction messages during everyday conversations. Well trained intervention facilitators came from various backgrounds, including local government health educators, intervention specialists, and project staff. The intervention incorporated interaction, discussion, modeling, role-play, and other interactive techniques to help C-POLs practice and refine their skills to comfortably deliver HIV prevention messages to people in the markets. At the end of each session, C-POLs set goals to engage in HIV education conversations with others in the market. The conversational outcomes of the C-POL were reviewed, discussed, and reinforced during the next training session.
The control markets had no C-POLs identified or trained. However, market vendors in the control arm completed the same study assessments at the same time as the intervention participants.
Measures
Four HIV-related stigma questions were used to measure the participants' attitudes toward PLWHA: first, 'A person with HIV must have done something wrong and deserves to be punished;' second, 'I think people with HIV should be isolated;' third, 'It is safe for someone with HIV to take care of other people's children;' and fourth, 'I do not want to be a friend with someone with AIDS.' Responses were coded on a 1 (strongly agree) to 5 (strongly disagree) scale. The HIV-related stigma score was constructed by taking sum of all four items (a ¼ 0.7). After the direction for the first, second, and fourth questions being reversed, a higher score indicated a higher level of HIV-related stigma (range of score: [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The stigma score was analyzed as an ordinal response with three levels: low (9), median (>9 to 15), and high (>15). Our main interest was to estimate the change in the odds of a higher level of HIV-related stigma (two types of odds: high vs. medium or low levels of stigma, high or medium vs. low levels of stigma). Four demographic variables were employed in the study: sex, age, education, and monthly discretionary income.
Data analysis
Differences for demographic and baseline variables were tested using chi-squared (x 2 ) and t-tests for categorical and continuous variables, respectively. To describe the response pattern of each individual HIV-related stigma question, we presented the frequencies of each question per visit by group.
We graphically examined the change in HIV-related stigma score over time between control and intervention groups using two methods: boxplot and kernel density estimation (KDE). A boxplot is a convenient way of graphically depicting groups of numerical data through their five-number summaries (minimum, lower quartile, median, upper quartile, and maximum). KDE is a nonparametric way of estimating the probability density function of a random variable. The purpose of using the KDE method is to show the change in the distributions of the HIV-related stigma score between groups at each follow-up. We calculated KDE curves of the stigma score and plotted them over time by group.
To examine whether there was any association between the HIV-related stigma score and each of the four demographic variables, we performed a logistic regression analysis with the proportional odds model [29] on the categorized stigma score for each factor. Covariates in each model included these four factors: intervention status as a binary variable (0 for control and 1 for intervention), time (baseline, 12-month, and 24-month), two-way interactions (intervention-by-time, intervention-by-factor, factor-by-time), and three-way interactions (intervention-by-time-by-factor). None of the three-way interactions was significant.
Lastly, we used a logistic regression analysis with proportional odds model to examine the intervention effect on the HIV-related stigma score. Covariates included sex, age, education level, spare money, intervention status, time, and an intervention status-bytime interaction. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated.
Results
Demographic characteristics of the sample Demographic and baseline characteristics are summarized in Table 1 . The study sample consisted of 4510 participants, 2262 (50.2%) from the intervention group and 2248 (49.8%) from the control group. Among all participants, about 53% were women and about 39% were 30-40 years old. Approximately, 13% had a high school education or above, and 73.4% of the sample reported having discretionary money of 500 Yuan ($74) per month or less. The control participants were younger than the intervention participants. No significant differences between the two groups were observed in sex, the education level, or the amount of discretionary money per month. Table 2 presents the frequency distribution of participants' perceptions on punishment, isolation, childcare safety, and friendship for the control and intervention groups over time. At baseline, about 78% of the participants per group thought that it was not safe for PLWHA to take care of other people's children. At the 12-month follow-up, 78.1% of the control participants vs. 68.9% of the intervention participants continued to believe so. A more substantial change was observed in the intervention group at the 24th month, in which less than half of the sample (48.9%) was concerned about the safety of PLWHA taking care of other people's children. Almost no change was seen in the control group.
HIV-related stigma
Similar patterns were observed with the other three statements that measure the stigmatizing attitudes. For example, slightly less than half of the sample at baseline supported the idea that PLWHA deserve to be punished. The reduction in percentages was about 4.4% for control (48.0-43.6%) and 12% for intervention (46.5-34.4%) at the 12-month follow-up; a higher reduction in this agreement was reported in the intervention group (34.4-20 .5%) than in the control group (43.6-38.8%) between the 12-month and 24-month follow-ups.
Boxplots and kernel density estimation curves of perceptions of stigma over time At baseline, the means of HIV-related stigma score were 15.7 and 15.6 for the control and intervention groups, respectively. Figure 1(a) represents the boxplots of stigma score at baseline and the two follow-ups by group. Compared with no change over time for control, a clear decreasing trend for intervention was observed. Figure 1(b) shows the KDE curves of the stigma score at baseline, indicating that the control and intervention curves almost completely overlap. The intervention curve shifted towards the left in Fig. 1(c) , implying that the level of HIV-related stigma decreased at the 12-month follow-up, whereas no change was observed for control. The separation of the intervention and control curves was further clearly observed in Fig. 1(d) at the 24-month follow-up.
Logistic regression analyses with proportional odds models
Results of multivariate logistic regression analyses with the proportional odds model are presented in Table 3 . The control participants at 12-month follow-up were more likely to have a higher level of HIV-related stigma than those in the intervention group for both men (OR 1.88; P < 0.0001) and women (OR 1.88; P < 0.0001). The estimated odds of a higher level of HIV-related stigma in the control group at the 24-month follow-up was about five times higher than in the intervention 118 AIDS 2010, Vol 24 No 1 
Note: The results from the proportional odds models indicated that the reductions in the agreements of the individual stigma measures (punishment, isolation, child care safety, and friendship) from baseline to 12-month and 24-month follow-ups were significantly higher in the intervention than control (P < 0.0001). Control participants in each of the three age categories (30, >30-40, and >40 years) were about two times more likely to report a higher level of HIV-related stigma than those in the intervention group at the 12-month follow-up (all P < 0.0001) ( Table 3 ). The participants who were older than 40 years had the highest OR at the 24-month follow-up (OR 5.94; P < 0.0001) and were almost six times more likely to report a higher level of HIV-related stigma than those in the intervention group. At the 12-month follow-up, the control participants who were less educated (primary or lower) were two times more likely to be associated with a higher level of HIVrelated stigma than those in the intervention group (OR 1.99; P < 0.0001); the estimated OR increased from 2 to 5.5 at the 24-month follow-up (OR 5.47; P < 0.0001). Similar results were observed for participants with higher education. A significant time-by-education interaction was found, meaning that the time trends were different between less and more educated groups (P ¼ 0.0003). The participants who were less educated benefited more from the intervention than those who were more educated with respect to the reduction of HIV-related stigma.
Final model
After adjusting for age, sex, education level, and discretionary money, the results from multivariate logistic regression analysis with the proportional odds model showed that, at baseline, there was no statistically significant difference in participants' perceptions of stigma between the two groups. The estimated odds of a higher level of HIV-related stigma was almost twice as much for control vs. intervention at the 12-month follow-up (OR 1.95; P < 0.0001) and more than five times at the 24-month follow-up (OR 5.36; P < 0.0001). An intervention-by-time interaction was found statistically significant, meaning that the time trends were significantly different between control and intervention (P < 0.0001).
Discussion
The Chinese government has put enormous effort into HIV prevention campaigns for the general population. Although numerous other factors, including national and local HIV awareness and prevention campaigns, may have affected the societal stigma towards PLWHA during the 2-year study period, our results still showed that, compared with no change over time for the control group, the intervention successfully reduced the level of HIV-related stigma among the intervention arm participants at the 12-month and 24-month follow-ups.
Since the beginning of the HIV/AIDS epidemic over 25 years ago, stigma has been a barrier to HIV testing, diagnosis, treatment, and care. As policy makers, advocates, and researchers search for and scale up intervention programs to reduce and eliminate HIVrelated stigma and discrimination, the findings of this study have some interesting implications.
The C-POL intervention trial was designed with the primary goal of reducing HIV/STD incidence and risky sexual behavior. On the basis of the preliminary report, no statistically significant differences in either behavioral or biological outcomes were found between the intervention and control venues [30] . The 'unintended' outcomes of stigma reduction in China -reported in this study -are both encouraging and puzzling. Unlike natural science, in which some of the most important discoveries are made unexpectedly, behavioral research tends to focus on expected outcomes as articulated in program or intervention design [31] . The findings of this study provide an opportunity to look beyond findings specified by the design and learn lessons from the variance between expected and unexpected outcomes.
First, the C-POL intervention was a community-based intervention delivered through identified social networks within the target population. The intervention was implemented by fully engaging the community and social network, which is imperative for any stigma reduction interventions. In China, as in many other countries, the strong bonds between family and community demand that stigma and discrimination should be viewed as social and cultural phenomena that require the actions of groups of people, not simply individuals. The outcome of stigma alleviation observed in this study implies that interventions that mobilize the whole community and penetrate its social network could be used as strategies for a resource for tackling HIV-related stigma and discrimination.
Second, the significant outcomes on stigma could also be associated with the simple fact that, with the implementation of the C-POL intervention, HIV knowledge has been diffused in a nonstigmatized fashion in the community. As the knowledge-attitude-behavior (KAB) continuum in other areas of health and behavior, the change of knowledge is often present before changes in attitude or behavior. In this trial, intervention 120 AIDS 2010, Vol 24 No 1 facilitators not only delivered HIV transmission knowledge but also provided skill training for C-POLs to communicate with others in the community about HIV prevention and safer behaviors. As part of the intervention, trained C-POLs were encouraged to talk to their coworkers about these topics during day-to-day, casual conversations. These communications of behavior change were based on the assumption that HIV can be discussed in a nonstigmatized setting as a part of everyday life. These activities could provide the opportunity to talk about basic factors of the disease that were relatively new to the population. It is possible that the increased familiarity with HIV and comfort level of talking about the disease lead to a climate, in which acceptance attitudes also increase and are shared among community members.
Third, it would seem worthwhile to note the implications relevant to the POL intervention model in particular. Bertrand [32] described observability -how visible the intervention results are to others in the community -as one of the attributes that can affect the intervention outcomes. This certainly challenges HIV-preventive interventions in which the main intervention outcome, the safer sexual behavior, is not readily observable. It is true that communications related to stigmatizing perceptions do not necessarily result in an observable improvement in behaviors. However, the conversations and expressions could be highly desired in the community, given the overall social climate in China. In the past decade, the Chinese government has increasingly employed mass media for HIV prevention campaigns, as exemplified by Premier Wen Jiabao comforting PLHWA patients at a hospital [33] and by Yao Ming and Magic Johnson appearing as AIDS spokesman on television to fight for HIV discrimination [34, 35] . Under these circumstances, to communicate or express a nonstigmatizing view about HIV could bring C-POLs immediate rewards (e.g., to be seen as educated, empathetic, and modern). It is reasonable to speculate that rewarding experiences could further encourage C-POLs' diffusion of intervention messages. This once again reminds us of the importance of social norms rather than merely individual behaviors in the C-POL intervention and the interpretations of its results.
Finally, the findings of this study have implications for reexamining the connection between HIV prevention and stigma reduction programs. HIV prevention and stigma reduction programs often take place in a parallel fashion because of funding mechanisms, issues addressed, or investigators' expertise. Although HIV prevention interventions have been conducted around the world, stigma associated with HIV, homosexuality, commercial sex, and drug use makes it difficult for HIV prevention programs to be implemented effectively in a variety of settings. Thus, HIV-related stigma and discrimination not only lead to stress for PLHWA but also add to the challenges for HIV prevention.
HIV prevention and stigma reduction interventions, although built upon different conceptual frameworks, can be integrated. Program developers, policy makers, and researchers must incorporate effective strategies from both frameworks into their programs and learn from predictable changes as well as unintended consequences. This study has limitations, as the perceived societal stigma and discrimination of PLWHA were not measured. Reports on changes in stigma and discrimination from their point of view would be a good supplement to this study.
